Abstract -Rice blast (Magnaporthe oryza B.) is one of the most important diseases in rice that causing great yield losses every year around the world. It is important to screen valuable genetic resources for improving blast resistance. This study was conducted to identify the blast resistance in 279 Korean rice landraces using blast nursery tests and isolate inoculum screening. The results showed that 11 landrace accessions found to be resistant to rice blast in blast nursery and inoculation screening tests and the degree of lesions in most accessions showed that they were susceptible to reactions. In order to find the distribution of blast resistant genes, a molecular survey was conducted to identify the presence of major blast resistance (R) gene in 279 Korean landraces. The results revealed that their frequency distribution was Pik-m (36.2%), Piz (25.4%), Pit (13.6%), and Pik (10%). Besides, the frequency distribution of Pii, Pib,2, Pita/Pita-2 and Pi-ta genes were identified as less than 10%. The results did not consist with the reactions against blast diseases between genotypes and phenotypic part of the nursery tests and isolate inoculation. For concluding these results, we used genome-wide SSR markers that have closely been located with resistance genes. The PCoA analysis showed that the landrace accessions formed largely two distinct groups according to their degree of blast resistance. By comparing genetic diversities using polymorphic information contents (PIC) value among the resistant, total and susceptible landraces, we found that PIC values decreased in four SSR markers and increased in six markers in the resistant accessions, which showed contrary to total and susceptible groups. These regions might be linked to resistance alleles. In this study, we evaluated the degree of blast resistance and the information about the distribution of rice blast resistant genes in Korean rice landraces. This study might be the basis for association analysis of blast resistance in rice.
Introduction
Rice (Oryza sativa L.) is one of the important staple food crops in the world and maintaining stable rice production is extremely important to feed the constantly growing human population (Maclean et al., 2002; Sasaki and Burr, 2000) .
Manipulation of the disease resistant in rice is an important objective in all rice-breeding programs, because the production is constantly affected by several major diseases, such as bacterial blight, blast, sheath blight, and tungro. Among these diseases, rice blast disease caused by the ascomycete fungus Magnaporthe oryzae (Couch and Kohn, 2002) , as the leading cause of yield loss of rice worldwide is the most devastating fungal disease on cultivated rice as well as other species of the Poaceae Talbot and Foster, 2001; Talbot, 2003) . For the control of blast diseases, the breeding of resistant varieties is an effective approach to reduce the use of pesticides and minimized rice losses due to this disease.
However, the breakdown of blast resistance frequently occurs due to the rapid change in the blast pathogenic races after new developed cultivar release, with the exception of the some elite cultivar. It is indicated that the genetic control of blast resistance is complex due to major and minor genes with complementary or additive effects, as well as their environment interactions (Yamanaka and Yamaguchi, 1987; Yaegashi, 1994; Han et al., 2001) . The ideal approach for blast control is probably to develop durable resistance cultivars accumulating several resistance (R) genes against highly variable pathogen (Bonman et al., 1986; Hittalmani et al., 2000) .
Genetic studies of resistance to rice blast began by establishing the differential system for races of the blast in the early 1960s. Since then, the inheritance of resistance has been extensively studied, and over 70 major R genes have now been reported (Chen et al., 2005; Ballini et al., 2008; Koide et al., 2009) . During the last few years, considerable progress has been made to understand molecular mechanisms of M. grisea infection to rice plants and rice blast R genes [Pit, Pib, Piz, Pik, Pik-m/Pik-p, Pita/Pita-2 (Hayashi et al., 2006) , Piz-t (Hayashi et al., 2004; Zhou et al., 2006) , Pi-d(t) 2 (Chen et al., 2004) , Pii (Jeon et al., 2003) , Pik-m (Zhai et al., 2011) , Pi39 , Pita (Jia et al., 2002 and Jia et al., 2004) , Pi9 , Pid2 (Chen et al., 2006) , Pi2 , Pi36 , Pi37 , Pi5 (Lee et al., 2009) and Pi3 (Shang et al., 2009) ] have been identified and characterized via map-based cloning or chromosome walking. Due to map-based cloning marker system and the integration of high-density molecular linkage map with genome sequence information of rice, marker-assisted selection (MAS) in molecular marker technology may provide new solutions for identifying and pyramiding valuable gene to improve the blast disease resistance in rice. Some studies have been reported that introductions of the major resistant genes into the rice varieties are correlated to the blast disease resistance of rice (Cho et al., 1996; Jeung et al., 2007; Suh et al., 2009) using molecular marker that reported blast resistant (R) gene marker or known as well-characterized resistant gene markers. According to the widely genome research progresses, specific gene marker identified in accordance with the characteristics serve as a valuable tool for assessment of genetic variability and information offering for high blast resistance among rice landraces germplasm.
According to Harlan (1975) , landraces are the balanced resources in equilibrium with both the environment and pathogens and are genetically dynamic. Rice landraces have been domesticated for a long time in a specific region and accordingly were adapted to their natural and cultural environment. The landraces has a long term co-evolution between the resources and rice blast pathogen, and the distribution of resistance genes and rice blast was closely related (Li et al., 2012) . Landrace could be used for breeding program in that it conserves useful alleles adapted to specific environment.
Variation in landraces can be used to complement and is helpful for broadening the crop gene pool (Kobayashi et al., 2006) . For these reasons, rice landraces has been valued as genetic variation sources of many agronomic traits and may have great potential for breeding of cultivated rice (Villa et al., 2006) . Korean landraces have been continuously maintained by farmers within different agricultural areas as well as their local environments. Therefore, this study was conducted to get the blast resistance degree of rice landraces germplasm in blast pathogenicity of field and in vitro tests and to investigate the distribution of blast resistant genes in Korean landraces. The present study reports on the screening and evaluation of rice germplasm for sources of resistance against rice blast disease.
Materials and Methods

Evaluation of blast resistance by field nursery test and in vitro inoculation
The plant materials used in this study were 279 Korean rice landraces (Table 1) , which have been conserved in the RDA Genbank (http:// genebank.rda.go.kr.). These rice germplasm were evaluated for seedling reaction under field nursery test, which was replicated two times at experimental field of Cheolwon, in Korea from 2010 to 2011. Each accession was planted in one row of 50 ㎝ long and 15 ㎝ apart, with cv. mixture of three cultivars (Chugwangbyeo, Odaebyeo, and Yeomyeongbyeo) as a susceptible check from each side of the bed and alternatively after the ten rows of each tested entry. Plants were left for natural leaf blast infection and scored 30-45 days after sowing.
M. grisea isolates collected in Korea was used for pathogenic test in this study. The 31 isolates of M. grisea have been conserved in the National Institute of Crop Science (NICS) and these isolates are genetically stable and routinely used for studies in Korea (Ahn et al., 2000; Goh et al., 2013) . Pathogen inoculation and blast response evaluation of the 279 landraces were carried out at the NICS, Rural Development Administration, in Korea. At the seedling stage, the inoculums suspension of ca. 5 × 10 4 conidia/㎖ was sprayed onto rice leaves in a controlled chamber. Inoculated seedlings were moved to the greenhouse after 3 days incubation in saturated humidity 
Palcheondo-1 IT009221 Hyoseongjaeraejong IT010704 Pocheonyumangchal chamber. Blast disease incidence was evaluated in two weeks after inoculation according to Ahn et al. (2000) . The incidence of blast disease in blast nursery test was scored from 0 (no lesions) to 9 (necrosis of all leaves and sheaths) following Standard Evaluation System (SES, IRRI, 2002) . Accessions were assigned to the resistance (R) group in score 0-3, moderate resistance in 4-6 and susceptible in 7-9, respectively. The reproducible accessions of R and S group were selected to analyze the blast resistance gene distribution. The isolate inoculation screening were assigned to resistance in score 0-2, moderate resistance in 3, and susceptible in 4-5, respectively.
DNA extraction and Marker analysis
Genomic DNA as extracted from two weeks old fresh leaf tissue according to modified CTAB method as previously described by Kump and Javornik (1996) . The DNA concentration was determined using a UV-Vis spectrophotometer (ND-1000; NanoDrop, Wilmington, DE, USA). The DNA solution was then diluted to a working concentration with distilled water and stored at -20℃ until use. Polymerase chain reaction (PCR) was performed using the gene specific primers described as blast resistant and susceptible genes, which are listed in Table 2 . Ten ng of genomic DNA was used in a 20 ㎕ PCR reaction containing 2 ㎕ of the specific primer pairs (10 pmol/ul), 2.0 ㎕ of 10 x PCR buffer, 1.6 ㎕ of dNTP (2.5 mM), and 0.2 ㎕ of Taq polymerase (5 unit/㎕; Promega. USA). The reaction mixture was subjected to the following conditions: initial denaturation at 94℃ for 3 min, followed by 35 cycles of denaturation at 94℃ for 30 s, annealing at 50-5 5℃ for 45 s and extension at 72℃ for 45 s and final extension at 72℃ for 10 min. PCR was carried out in PTC-220 
Assess of microsatellite markers
The M13-tail at the 5'-end region PCR method was used to measure the sizes of the amplified products of SSRs as previously described by Schuelke, (2000) . For genotyping analysis, primers were chosen from the Gramene database (http://www,gramene.org/markers/microsat/ssr.html) and the genome-wide SSR markers used in this study are listed in Table 4 . Amplified fluorescent-labeled PCR products were analyzed in an ABI-Prism 3130x1 Genetic Analyzer (Applied Biosystems). Fragments were sized and scored into alleles using GeneMapper v4.0 (Applied Biosystems), and the individual fragments were assigned as alleles.
The software PowerMarker version 3.25 (Liu and Muse, 2005) was used to calculate the number of alleles (NA) and polymorphic information content (PIC), and constructed based on a genetic distance matrix from SSR genotyping results.
We conducted principal coordinate analysis (PCoA) of individual genotypes using the software, GenAlEx version 6 (Peakall and Smouse, 2006) , to complement the output of the phylogenetic analysis.
Results
Evaluation of blast resistance in blast nursery test and in vitro inoculation
To get the blast resistance degree in rice landrace germplasm, a total of 279 Korean landraces were used and then applied in Eleven accessions were found to be resistant 0 (no lesion absorbed) or 1 (small brown specks of pin point size) against rice blast at experimental field. Two hundred five highly susceptible accessions were scored as 8 or 9 that showed over 3 ㎝ of blast lesion or many leaves were dead by longer infection of over than 50% died leaf area. Although some of moderately resistant accessions were changed to susceptible or showed highly range of variation, the 11 accessions (IT006538, IT009118, IT009221, IT010345, IT010480, IT010555, IT010565, IT010577, IT010721, IT010726, and K026194) were revealed constantly resistance in both years ( Fig. 1) . Thus, these 11 accessions were tested for accurately screening at the seedling stage against 31 isolates mixture of M. grisea according to Goh et al. (2013) . landrace accessions were also found resistance and moderately resistance in the blast nursery screens during both years, respectively. The selected accessions in our study will be used to increase the blast resistance in the rice breeding program for the development of disease resistant commercial cultivars after determining confirmation their genetics, if these are found to possess other desirable agronomic characters.
Estimation of genotypes for blast resistance genes
We have conducted to get the blast resistance degree of (Zhai et al., 2011) .
Out of the 279 rice landraces, most of accessions contained from 0 to 2 different resistant genes. Only four accessions possessed a maximum of 6 resistance genes, 5 genes in three accessions, and 4 genes in four accessions (Fig. 2B) . Of the 11 accessions including 4, 5, 6 resistance genes, 4 accessions (IT009221, IT006538, IT009118, and K026194) were also found resistant (≤ 1.0 score on a 0-to-9 scale) in the nursery tests of both 2010 and 2011 (Fig. 2C) . We then further and negative markers as blast resistance and susceptible ( Fig.   3 and Table 3 ). The three genes such as Piz, Pik, and Pi5, were observed as negative band patterns (0%) with positive markers in eleven rice blast resistant accessions selected in field tests.
Also, among 279 landraces, the Pik-m was the most amplified gene, but this gene amplified in only 2 accessions of 11 the resistant accessions selected in the bioassay to rice blast. Thus, the determination of whether resistance could not be completely identified in our present experiments as compared with the field screen tests. We suggested that the 11 selected accessions revealed resistance to blast disease by other genes of a large amount of blast resistant genes.
Genetic statistics and similarity in Korean landraces
The responses to blast among 279 landrace accessions were classified to three types, which are resistant, moderate and susceptible accessions based on nursery test in same regions during 2010 and 2011 and in vitro inoculation. We further analyzed the genetic grouping pattern, genetic variability and differences in all landraces using genome-wide SSR markers for compare with the three types clustered on field tests. We obtained the results that the landrace accessions were showed a substantial degree of genetic differentiations.
The principal coordinate analysis (PCoA) described the separation of the populations among the landrace accessions ( to the degree of blast disease incidence (Fig. 4) . Table 4 summarizes the average number of alleles (NA) and polymorphic information content (PIC) for each locus in the 297 rice landrace accessions using genome-wide 64 SSR primer pairs.
By comparing genetic diversities with the parameter PIC value among the resistant, total and susceptible landrace on chromosomes ( (Villa et al., 2006; Kobayashi et al., 2006) . The present study was performed to get the blast resistance degree of Korean rice landraces through field nursery tests and in vitro inoculation and to investigate the distribution of blast resistant genes using 12 major genes of blast resistance. In this study, 279 landrace accessions were used for an initial screening under blast nursery condition for 2010 and 2011 at same region in Korea, and then were checked blast resistance through in vitro inoculation. Based on the scores for the degree of blast disease incidence in the blast nursery test ranged from 0 (no lesions) to 9 (death of all leaves), we selected the resistant accessions for two years at field. Some landrace accessions showed moderate resistant to rice blast, and most of landraces revealed susceptible reactions in the two tested ways. Finally, 11 resistant accessions were selected at field and in vitro system for two years. The selected landrace accessions may be an important resource for the improvement of blast resistance and specific agronomic traits. Landraces are valuable genetic resources, because they contain huge genetic variability which can be used to complement and broaden the gene pool of advanced genotypes (Kobayashi et al., 2006) .
For several decades, several genes of blast resistance were found that are effectively used to control rice blast disease in rice breeding and genetic studies (Chen et al., 2005; Ballini et al., 2008; Koide et al., 2009; McCouch et al., 1994 Piz genes in the tested rice germplasm, respectively. The previous studies described that the Pik-m of three Pik locus on chromosome 11 confer high and stable resistance to many
Chinese rice blast isolates (Zhai et al., 2011) and Piz gene has been used for conferring blast resistance to Japanese cultivars, because their importance was emphasized by Hayashi et al. (2004) in rice breeding in Japan. Nevertheless, these genes were not amplified in all the resistant accessions selected in the nursery test to rice blast, with the exception of two accessions.
These results did not consist of blast nursery screening and in vitro inoculation in this study. Thus, we further confirmed the distribution of blast resistant gens in the 11 accessions selected in the field screens for compare the degree of genetic resistance with the result, which is bioassay in the nursery tests. Out of the 279 rice landraces, eleven accessions possessed different resistance genes from 4 to a maximum of 6 genes. Four (IT009221, IT006538, IT009118, and K026194) of those accessions showed resistance (≤ 1.0 score on a 0-to-9 scale) in the nursery tests during both years.
Eleven accessions showed the positive reactions to Pit gene, which is a major resistance gene on chromosome 1 and confers essential race-specific resistance against the blast disease (Hayashi et al., 2006) . The three genes, Piz, Pik, and Pi5 were not identified (0%) and the other genes were also few amplified in eleven resistant accessions, but these genes revealed incompatible patterns of PCR amplification between positive and negative markers as blast resistance and susceptible.
In brief, genotypes had different reactions against blast diseases in the phenotypic part of nursery tests. We suggested that the 11 selected accessions showed resistance to blast disease by other genes of a number of blast resistant genes.
For surveying this assumption, we used genome-wide SSR markers that have closely been located with resistance genes.
To evaluate genetic variability among tested accessions, the landraces were profiled using genome-wide 64 SSR primer pairs. The PCoA was performed to examine further the genetic similarity among landrace accessions on the basis of the SSR data. The results indicated that blast resistance accessions formed the divergent cluster from the main cluster and some moderate blast resistant accessions were located near resistant cluster. By comparing genetic diversities with the parameter PIC value among the resistant, total and susceptible landrace on chromosomes, we found that PIC values reduced genetic variability in four SSR markers on chromosome 1, 6, and 9, while increased genetic variability in six markers on hromosome 2, 3, 4, 6, and 12 in the resistant accessions contrary to total and susceptible groups. Mapping studies of blast resistance genes have been carried out and major blast resistance genes have been identified and mapped using molecular markers.
Many of these Pi genes are clustered on chromosomes 6, 11
and 12 (Kinoshita, 1995) . These regions might be linked to resistance alleles. This result suggested that genetic differentiation between them might not be on a genome-wide scale, but rather on some selected loci or in some genomic region. These suggested that other 5 genes in flanking region of these 6
genes have an influence on rice blast resistance. Using fine mapping approaches, we might be able to demonstrate that five genes in these regions would be conferred broad-spectrum resistance of the landraces with various gene combinations.
The evaluation results of blast nursery and isolate inoculation test, and distribution of blast resistance genes in rice landrace accessions will help in breeding of blast resistant varieties.
The results of present study are very useful for further rice improvement and for stable field resistance to blast races in
Korean japonica cultivars using landraces accessions. Utilization of local landraces in breeding program may be the good way of genetic resources conservation. In our present study, we
were not able to confirm the relationship between the amplification of resistance genes and the reaction of blast resistance, and also the determination of whether resistance could not be completely identified in our present experiments. In this regard, The fine mapping approaches based on the association between putative these genes linked to the blast resistance and field resistance data will be necessary in future experiments to confirm relationship between molecular markers and blast resistance in Korea landrace accessions.
